In addition to CL, several cases of mucosal leishmaniasis 9, 10 and VL 11, 12 have been recently reported in Sri Lanka. The causative agent of autochthonous VL also has been confirmed as Leishmania donovani MON-37. 12 From the current picture, it is clear that Sri Lanka is dealing with a Leishmania donovani strain that manifests mainly as CL, however with visceralizing potential. Hence, it could be assumed that the host genetics and immunological response may undoubtedly have a role in apparently diverse clinical outcome.
Histopathology of CL is influenced by the geographical origin through diverse host or parasite related factors. It shows a two-way spectrum: from anergic macrophage to tuberculoid granuloma in one and from digestion of amastigotes within macrophages to necrosis of infected macrophages in the other. Such necrosis may be either diffuse or focalized. 13 Histopathological spectrum of CL in Sri Lanka has been described as similar to leprosy and grouped into four using a modified Ridley classification. It ranged from diffuse infiltrate of parasitized macrophages in group I to well-formed epithelioid granulomata in group IV.
14 Experimental mouse models have shown that outcome of
Leishmania major infection depends on preferential activation of Th1
or Th2 subsets of CD4+ T cells, with Th1-type response leading to host resistance and Th2-type response causing progressive disease. 15 Different mouse strains are recognized as genetically resistant or susceptible to L.major, depending on their ability to produce Th1 or Th2 cytokine profiles, respectively. However, this clear dichotomous response is apparently not obvious in human leishmaniasis. Th2 response in DCL. 17, 18 Similarly, a predominant Th1-type cytokine profile is seen in localized L. mexicana and L. tropica infections. 19, 20 In contrast, a prominent Th2 response was observed in lesions caused by L. guyanensis. 21 Unfavorable clinical evolution in L. donovani-induced post kala-azar dermal leishmaniasis (PKDL) has been attributed to a mixed Th1/Th2 cytokine response. 22 Hence, the in situ cytokine profile in leishmaniasis is determined by the causative Leishmania spp., 18, 19, 21 the parasite strain, 23, 24 and the host immune response. 25 Cytokine expression in dermotropic L.
donovani infections, however, has not been previously evaluated. The present study is the first to characterize the in situ cytokine gene expression in CL due to Leishmania donovani.
| MATERIALS AND METHODS

| Ethical issues
This study received ethical approval from the Ethics Review Committee of the Faculty of Medicine, University of Kelaniya, Sri Lanka and was conducted adhering to the approved protocol and in agreement with the Helsinki Declaration. Patients and controls were recruited on a voluntary basis and informed written consent was obtained prior to sample collection.
| Study population
A total of 108 patients with suspected skin lesions attending dermatology clinics in the Sri Lanka Army and District General Hospitals of Polonnaruwa and Hambantota were included. Patients with major comorbidities such as diabetes mellitus and those already on treatment for CL were excluded from the study. 
| Sample collection
| Histopathological analysis
Forty-six H and E-stained sections were examined under a conference microscope (Olympus BX50, Tokyo, Japan) and categorized according to modified Ridley's criteria for leishmaniasis as previously described. 14 These categories are defined and illustrated in Figures 2 and 3. In the group IV pattern where amastigotes were not seen, diagnosis was based on positive impression smear result. Histology was not performed in 12 patients due to inadequacy of specimen or its poor quality. Each specimen was examined by two histopathologists for confirmation of findings.
Altogether, cytokine gene expression was quantified in 58 patient and 25 control samples and it was correlated with histopathology in 46 patient samples. Forty-four patients were followed up to assess the duration of treatment. (Table 1) . Optimization of RT-qPCR was carried out following the MIQE guidelines. 
| Total RNA extraction
| Statistical analysis
Data were analyzed by IBM SPSS statistics for Windows, version 21.0 (Armonk, NY, USA). Non-parametric tests were used for comparison of cytokine gene expression between patient and control groups as cytokine levels did not show a normal distribution. Mann-Whitney U test was used for comparison between two groups, and KruskalWallis test was used for comparison between more than two groups.
Spearman's correlation test was used for analyzing correlation between continuous variables. Significance was estimated at 0.05 level for all above methods.
| RESULTS
| Patient and control group characteristics
The two groups were comparable with no significant difference in their age (P=. 19 ) and sex (P=.72) distribution (Table S1 ). Patients presented T A B L E 1 Cytokine primer sequences used in this study for mRNA quantification by RT-qPCR Figure S1 ).
| Histopathological characteristics
Dermal changes were characterized by marked inflammatory infiltrate composed of macrophages, lymphocytes and plasma cells with or without granuloma formation (Figures 2,3 ). Distribution of sample numbers, lesion types and mean lesion duration among histopathological groups are given in Table 2 . Necrosis was not seen in any of these specimens. Histological grouping failed to show any obvious association with the lesion type, size or duration.
| In situ cytokine gene expression and association with patient and lesion characteristics
All cytokines tested were expressed at detectable levels in patients' 
| DISCUSSION
Localized immune response at the site of infection plays an important role in pathogenesis and outcome of CL. [18] [19] [20] 30, 31 To better understand the role of cytokines in the pathogenesis of CL due to 
30,38
Furthermore, elevated in situ expression of IFN-γ has been demonstrated in late lesions (>6 months) in L. major infections. 39 In this study, significantly increased expression of IFN-γ was seen in lesions diagnosed late (≥6 months) and a tendency to have higher levels of IFN-γ was observed in lesions that healed more slowly. Further enhancement of the pro-inflammatory milieu at the site of lesions as they evolved with time was evident by the significant positive correlation between the expression of TNF-α and lesion duration. This adds to the existing theory of the role of TNF-α in MCL and chronic manifestations in human leishmaniasis.
17-19
Development of an anti-inflammatory milieu at the site of infection favors persistence of parasites and disease progression in mouse models. 15 Interleukin-4 secreted by Th2 subset of lymphocytes plays a major role in down-regulating the Th1 response and inhibiting nitric oxide production. 1 In general, in situ expression of IL-4 is low in human CL, 19, 31 but a greater expression has been evident in MCL and DCL. T A B L E 3 Spearman's rank correlation coefficients for intralesional cytokine gene expressions can increase nitric oxide production from macrophages in a proinflammatory cytokine independent pathway. 48 However, experimental models have shown different outcomes in male and female mice depending on the Leishmania species. 47 Influence of sex was not very marked in the present study though there was an apparent tendency for increased expression of pro-inflammatory cytokine TNF-α and IL-12A in females and IL-4 and IL-10 with anti-inflammatory bias in males. However, the use of large sample numbers may increase the statistical power of such analysis.
Evidence from these cytokine profiles points out a significant correlation between all the genes studied, with strong correlations ap- 
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